The primary objective of the present study is to determine the variations for physiological traits of triticale genotypes. Experiments were carried out in randomized complete block design with 3 replications during the cropping years of 2011-2012 and 2012-2013. Totally 5 cultivars and 20 lines of triticale were used as the plant material of the experiments. The relationships of grain yield with net photosynthesis rate (Pn), stomatal conductance (gs), internal CO2 concentration/ambient CO2 ratio (Ci/Ca), mesophyll conductance (Mc), transpiration efficiency (TE), transpiration rate (Tr) and the leaf temperature (Tl) were assessed through correlation and biplot analyses. For all three growth stages (booting, anthesis, grain filling), significant positive correlations were observed between Tr and Tl; gs and Tr; gs and Pn; gs and Ci/Ca and Mc and Pn, and the greatest negative correlations were observed between TE and Tl. Current findings were not able indicate a single physiological trait has significant correlations with grain yield in all growth stages. However, significant negative correlations were observed between grain yield and Tl-Tr at booting and anthesis stages. It was concluded that low temperature, high net photosynthesis rate, high Ci/Ca and low transpiration rate might be used as reliable selection criteria in further triticale breeding programs.
INTRODUCTION
Triticale is a cross of wheat (Triticum spp.) and rye (Secale spp.). It is an important small grain crop. Triticale has higher tolerance to biotic and abiotic stresses than wheat and higher grain yield than rye (Tohver et al., 2005) . Triticale can be grown in marginal lands and is especially tolerant to drought and harsh winter conditions successfully. It also has less nutrient requirement and higher disease tolerance than the other cereal crops such as wheat, barley, corn and rice. Moreover, its grain and straw yield especially under unfavorable soil and climate conditions are higher than grain and straw yield of wheat crop (Igne et al., 2007; Kaplan et al., 2015) .
Triticale has been gaining an increasing significance especially because of its higher tolerance to biotic and abiotic stresses, higher straw and grain yield and multiple uses. Therefore, triticale grown area almost was doubled in Europe during the last decade (Faostat, 2010) . Several studies have been carried out in many countries to develop superior triticale varieties. It was reported that there were spring and winter triticale genotypes for grain and biomass production (Santiveri and Romagosa, 2004; Kozak et al., 2007; Lekgari et al., 2008; Bilgili et al., 2009 ). On the other hand, Gowda et al. (2011) reported that most of current triticale cultivars with high grain yield tend to be poor for biomass yield, whereas the excellent forage cultivars tend to be poor for grain yield. They also indicated that based on the developed regression model, at least during earlier stages of selection, field testing could be carried out for grain yield and related traits to select potential genotypes with high biomass yield.
As mentioned above, triticale generally provides more grain and straw yields than wheat in both favorable and unfavorable growing conditions. The higher yield of triticale has been attributed to earlier stem elongation stage, longer spike formation period (Lopez-Castaneda and Richards, 1994; Giunta et al., 2001) and higher spike fertility (Giunta et al., 2001 (Giunta et al., , 2003 . It was also shown that triticale produced fewer tillers, had greater early vigour levels (Lopez-Castaneda and Richards, 1994; Giunta et al., 2003) and larger root system at early growth stages (Richards et al., 2007) . Simulations performed by Bassu et al., (2011) showed that the highest levels in wheat could be achieved through increasing transpiration-water use efficiency. But they also suggested that early vigour, remobilization of stem carbohydrates to grains and early root growth also contributed positively to a yield increase in different growing environments.
Triticale can remobilize more assimilates, which have been accumulated prior to grain filling period, to grains (Lopez-Castaneda and Richards, 1994; Ruuska et al., 2006) . The net photosynthetic rate differences of wheat cultivars at high temperatures have been found to be associated with lower leaf chlorophyll concentration and changes of chlorophyll a:b ratio caused by accelerated leaf senescence (Al-Khatib and Paulsen, 1984; Harding et al., 1990) .
Measurement of whole canopy carbon exchange rate in a very short time is generally an expensive method and several internal and external factors can simultaneously affect photosynthetic rate throughout growing period of crop. Therefore, it is suggested that in order to relate accurately crop productivity to leaf photosynthesis, quantification of canopy photosynthesis is required . Scientists measured net photosynthesis rate, stomatal conductance, chlorophyll content and dark respiration rate of 16 wheat cultivars and indicated that differences in net photosynthesis rate throughout the crop cycle as well as variation in onset of senescence might be important variables affecting wheat yield potential in warm environments, and net photosynthetic rate during the grain filling period was also strongly associated with chlorophyll loss . Hura et al., (2009) aimed to determine the differences in the activity of the photosynthesis apparatus in 10 genotypes of winter triticale grown under optimal conditions and to determine whether or not such measurements could provide a correlation that explains the usefulness of photosynthetic parameters in the estimation of harvest and growth of plants. They found out that there were significant correlations between the yield and some parameters of chlorophyll fluorescence and indicated that leaf gas exchange and parameters of chlorophyll fluorescence were useful for estimation of the functional state of the photosynthetic apparatus and could be selection criteria in plant breeding.
The present research was conducted to evaluate the relationships between grain yield and flag leaf physiological traits (net photosynthesis rate, stomatal conductance, intercellular CO2 concentration, ambient CO2 concentration, transpiration rate, mesophyll conductance, transpiration efficiency and leaf temperature) of triticale genotypes grown under Eastern Mediterranean conditions.
MATERIALS AND METHODS

Experiments were carried out in the research fields of Eastern Mediterranean Transition Zone Agricultural
Research Center during the growing seasons of 2011-12 and 2012 -13. The genotypes used as material in experiments are provided in Table 1 . The research province, Kahramanmaras is located in Eastern-Mediterranean Region between 37 o 38' North latitudes and 36 o 37' East longitudes and has an altitude of 568 m. Mediterranean climate is dominant in the province and day-night temperature difference is low. The Mediterranean climate is typical of the region and some climatic data are given in Table 2 . Some chemical and physical traits of two years experiment soil sampled from 0-30 cm topsoil are given in Table 3 . Experiments were carried out in randomized complete block design with 3 replicated. Seeding rate was 500 seeds m -2 and seeding was performed with a plot-drill over 6 x 1.5 m size plots. There were 6 rows in each plot with row spacing of 20 cm. Sowing dates were on 5 December 2011 and 3 January 2013; harvesting date were 20 June for each two years. In both years, 80 kg N and 80 kg P2O5 ha -1 were applied to soil during sowings and additional 100 kg ha -1 N was supplied during tillering period. Irrigation was not performed in both years and herbicide with active ingredient of Tribenuron-Methyl was used for broad-leaf weeds.
During the booting, anthesis and grain filling stages, clear sunny days were selected for gas-exchange measurements, namely: net photosynthesis rate (Pn), stomatal conductance (gs), intercellular CO2 concentration (Ci), ambient CO2 concentration (Ca), transpiration rate (Tr) and leaf temperature (Tl) using a portable photosynthesis system (LCpro+ Portable Gas Analyser). The measurements were conducted under sunlight between 9:00 and 12:00 and the leaves were maintained at right angles with respect to incident solar radiation. At least five different flag leaves were measured per genotype for each plot on a single day. Due to phonological differences among the cultivars, three approximate growth stages were designated as booting, anthesis and grain filling periods for measurements in all cultivars. The flag leaf transpiration efficiency (TE) was calculated as: TE = Pn/Tr. Internal CO2 concentration/ambient CO2 ratio (Ci/Ca ) were estimated from gas exchange measurements using the equations developed by von Caemmerer and Farquhar (1981) . The apparent leaf mesophyll conductance (Mc=Pn/Ci) was also calculated.
Correlations analyses were performed by using SAS (SAS Inst., 1999) statistical software. The GT biplot is generated by plotting standardized data of physiological traits in different stages of triticale respectively, so that each genotype or trait is represented by a marker in the biplot (Yan and Kang, 2003) . In the GT biplot, a vector is drawn from the biplot origin to each marker of the traits to facilitate visualization of the relationships between and among the traits generated by Excel Macro (Lipkovich and Smith, 2002) .
RESULTS AND DISCUSSIONS
Two years experimental results revealed significant differences in all traits except for gs, Ci/Ca and Tr of the years (P < 0.01), in TE of genotypes (P < 0.01) and in Tl, Tr, gs, Pn, Mc and TE of the growth stages (Table 4 , 5 and 6).
The differences in grain yields of genotypes were found to be significant (P≤ 0.01). Grain yield values under rain-fed conditions varied between 4258-6519 kg/ha with the greatest yield in Line 19 genotype and the lowest yield in Line 9 genotype (Table 7 ). The differences in grain yields of the years were mainly resulted from differences in precipitations of the years. Lack of precipitations especially in March and April (with rapid developments in plants) of the first year and high precipitations of the second year ultimately affected the grain yields resulted in significant differences in grain yields of the years. Regarding the stage of development, most of the physiological traits were relatively stable between booting and anthesis. Tl, Ci/Ca and TE increased moderately between booting and anthesis. However, Tl, Tr, gs, Pn and Mc declined between anthesis and grain filling (Table 5 and 6). Although varied based on genotype, average 23% decrease was observed in Pn between booting and anthesis. A similar reduction in Pn at a later stage, between anthesis and grain filling was also observed as 6%. In previous studies, strong decreases were reported in Pn, gs ve Tr of wheat and barley genotypes with decreasing temperature and soil moisture (Allahverdiyev et al., 2015; Azhand et al., 2015) . Leaf temperature was measured as 34.7 o C in booting stage, 35.9 o C in anthesis and 30.9 o C in grain filling stages. While low daily temperature in grain filling stage and during the period in which Tl measurements were made were similar to findings of Delgado et al., (1994) and such low temperatures resulted in low leaf temperatures in triticale genotypes. On the other hand, high temperature and relative humidity post-booting growth stage resulted in higher temperatures in Tl. Delgado et al. (1994) carried out a study on bread wheat for two years and reported average daily maximum temperatures of the first and the second year respectively as 32 and 36 o C and resultant leaf temperatures respectively as 31.7 o C 34.7 o C.
As an average of genotypes, Tr decreased from booting to grain filling and observed as 6.585 mmol m -2 s -1 in the first year and 4.629 mmol m -2 s -1 in the second year. Higher precipitations were observed in May of the second year in which measurements were made than the first year. The 50 mm precipitation received on May 13 before the measurements resulted to have higher transpiration rates in the first year. Qui et al. (2008) indicated significant effects of irrigation intervals on transpiration rates and reported Tr as between 4.8-5.8 mmol m -2 s -1 in the first year and between 7.3-8.4 mmol H2O m -2 s -1 in the second year. Dry soil conditions caused a reduction in transpiration rates. Different decrease trends were observed for Tr of triticale genotypes. Similar effects were also reported for flowering and legume formation of field bean (Hura et al., 2007) . Stomatal conductance was measured as 0.252 mol H2O m -2 s -1 in the first year and 0.272 mol H2O m -2 s -1 in the second year (data not shown). Compared to the second year, gs values decreased in the first year because of insufficient precipitations in grain filling period. Therefore, under insufficient moisture conditions, stomatal closure to prevent water loss and consequent decreases in gs were reported (Cornic, 2000) . Ethylene amount and ABA synthesis in plants are increasing under drought conditions. Thus, stomata are closing and senescence of leaves is accelerating. Therefore, stomatal conductance is decreasing. Also lower minimum temperatures of the first year at the time of measurements decreased gs values. It was reported that stomatal conductance was influenced by minimum temperatures and low night temperatures reduced gs and Ci values (Bunce, 1998) . As the average of genotypes, gs values gradually decreased from booting to grain filling stage. Delgado et al. (1994) reported in wheat that gs value of booting, anthesis and grain filling stages respectively as 0.678, 0.586 and 0.317 mol H2O m -2 s -1 ; Reynolds et al. (2000) reported the values respectively as 0.680, 0.590 and 0.320 mol H2O m -2 s -1 and indicated decreasing gs values with aging of the leaves. Boutraa et al. (2015) compared gs values under 20 o C and reported 28% decrease under moderate temperatures and 46% decrease under high temperatures. Additionally, compared species differed in gs, particularly in pre-anthesis period in which triticale showed a stomatal conductance markedly higher than durum wheat. The difference in stomatal conductance between two species persisted after anthesis, although only in the irrigated treatment. Under rainfed conditions, on the contrary, initially higher stomatal conductance of triticale decreased to values very similar to those of durum wheat (Motzo et al., 2013) . Pn values of genotypes varied between 17.15-21.71 µmol CO2 m -2 s 1 booting stage, between 13.55-16.60 µmol CO2 m -2 s 1 in anthesis and between 12.45-14.88 µmol CO2 m -2 s 1 grain filling periods. As the growth progresses, Pn values of genotypes decreased with leaf aging. Many researchers reported photosynthesis as one of the most sensitive processes that can be inhibited by high temperature (Boutraa et al., 2015) . The primary effect of high temperature on wheat is to accelerate phenological development, which seems to be associated with premature leaf senescence (Midmore et al., 1982; Al-Khatib and Paulsen, 1984) . It was reported in previous studies that photosynthesis rate in bread wheat decreased by 6.1% between pre and post-anthesis (Rees et al., 1993) and decreased by 48.4% between anthesis and late-dough stage (Jiang et al., 2000) . It was also indicated that net photosynthesis rate was closely related to chlorophyll loss and besides leaf aging, variations in photosynthesis rates throughout growth stages had also significant impacts on yield potential of wheat . Decreasing leaf water content initially induces stomatal closure (Pasban Eslam, 2011), imposing a decrease in CO2 supply to mesophyll cells and consequently, results in a decrease in leaf photosynthesis rates (Lawlor and Cornic, 2002) . A genetic variation in this case was reported for triticale (Hura et al., 2007) and wheat (Loggini et al., 1999) . Roohi et al., (2013) found that triticale had a lower reduction in photosynthetic traits under water deficit conditions than wheat and barley.
As the average of genotypes, Ci/Ca ratio was observed as 0.568 in the first year and 0.600 in the second year. Despite the higher precipitations throughout the growing season in the first year, insufficient precipitations in grain filling period (Table 2 ) exerted a stress on plants and consequently plants closed their stomatas to prevent water loss and ultimately leaf CO2 diffusion was limited. Therefore, under insufficient moisture conditions, stomatal closure, decreased cell CO2 concentrations and Ci/Ca ratios were reported by Cornic (2000) . Low Ci/Ca ratios can be considered as a plant response to drought stress under dry conditions (Feng, 1998; Erbs et al., 2009 ).
The decrease in mesophyll conductance is mainly resulted from the decrease in Pn rather than Ci (Allahverdiyev et al., 2015) . It was reported that mesophyll conductance was mostly influenced by light (Evans et al., 1994) , leaf angle (Loreto et al., 1994; Scartazza et al., 1998) , drought stress (Lauteri et al., 1997) , salt stress (Delfine et al., 1998; 1999) and cultivarspecific characteristics (Koç et al., 2003) . Mesophyll conductance of the present study was observed as 85.46 mmol m -2 s -1 in booting stage, 67.79 mmol m -2 s -1 in anthesis and 58.79 mmol m -2 s -1 grain filling stage.
Flag leaf TE values varied between 2.777-3.945 mmol mol -1 at booting stage, between 2.441-3.234 mmol mol -1 at anthesis stage and between 2.926-3.984 mmol mol -1 at grain filling stage. Motzo et al. (2013) indicated that before anthesis the average leaf TE was higher in irrigated treatment than in rainfed one, but differences disappeared after anthesis. Species were not different with regard to average of water treatments, although a higher leaf TE was observed in triticale compared to durum wheat in rainfed treatment after anthesis.
According to Kroonenberg (1995) , the fundamental patterns among the traits should be captured by biplots. In GT biplot, a vector is drawn from the biplot origin to each marker of the traits to facilitate visualization of the relationships between and among the traits (Rubio et al., 2004; Akçura, 2011) . Since the cosine of the angle between the vectors of any two traits approximates the correlation coefficient between them, this view of the biplot is best for visualizing the interrelationship among the traits (Yan and Kang, 2003) . The GT biplot for each of three stages (booting, anthesis and grain filling stages) explained 76%, 69% to 63% of the total variation of the standardized data (Figures 1, 2 and 3) .
For booting stage, the largest variation explained by biplot was for Pn and gs (Figure 1) . While there were significant positive correlations between grain yield and Pn-Mc-TE; between Tl and Tr-Ci/Ca (P<0.01) in this stage, there were significant negative correlations between grain yield and Tl-Tr and between Tl and Pn-Mc-TE (Table 8 ; Figure 1 ). There were also significant positive correlations between Tr and gs-Ci/Ca and significant negative correlations were observed between Pn, Mc and TE (Figure 1) . Tavakoli et al. (2011) reported a positive correlation between gs and transpiration rate. The correlation between photosynthesis and stomatal conductance showed that the stomatal limitation was more important than non-stomatal limitation. The decrease in transpiration rate per leaf area under stress was related to stomatal closure and such a closure decreased stomatal conductance (Abdoli and Saeidi, 2013) . While there were significant positive correlations between stomatal conductance (gs) and Pn-Ci/Ca, between Pn and Mc-TE and between Mc and TE, significant negative correlations were observed between Ci/Ca ratio and Mc-TE (Figure 1 ). Throughout the vegetative and generative stages, a positive correlation was also reported between Pn and gs of triticale (Hura et al., 2007) . Koç et al. (2003) and Del Pozo et al. (2005) also reported significant correlations between gs and Ci/Ca ratio. For anthesis stage, the largest variation explained by biplot was for Ci/Ca, TE, Tr (Figure 2) . While there were significant positive correlations between grain yield and TE in this stage, negative correlations were observed between grain yield and the other physiological traits (Table 8; For grain filling stage, the largest variation explained by biplot was for TI, Tr, and TE (Figure 3) . While there were significant positive correlations between grain yield and gs-Ci/Ca (P<0.01) in this stage, the correlations between grain yield and the other physiological traits were not found to be significant (Table 8, Figure 3 ). Significant positive correlations were also observed between Tl and Tr, between Tr and gs-Ci/Ca, between gs and Pn-Ci/Ca, between Pn and Mc-TE and between Mc and TE and significant negative correlations were observed between Tl and gs-Pn-Ci/Ca-TE, between Tr and TE and finally between Ci/Ca and Mc-TE (Figure 3) . Hui et al. (2008) reported significant positive correlations between Tr and Tl in late grain filling stage of wheat. Fischer et al. (1998) studied the yield of wheat associated with gs and Pn, and concluded that gs may be potential indirect selection criteria for yield. Delgado et al. (1994) and Monneveux et al. (2006) indicated a significant correlation between grain yield and net photosynthesis rate in wheat and Fischer et al. (1981) indicated the same correlation as insignificant in wheat. Rees et al. (1993) reported positive correlations between grain yield and photosynthesis rate in pre and post anthesis stages and Reynolds et al. (2000) indicated significant correlations between net photosynthesis rate and grain yield at 3 growth stages (booting, anthesis and grain filling).
Figure 3.
Relationships between physiological traits of triticale genotypes at grain filling stage (n=150).
There were highly positive correlations between stomatal conductance (gs) and Tr for all three stages ( Table 8 ). The level of correlation between gs and TE decreased with increasing drought stress in grain filling period. Such a case then resulted in decreasing gs values through weakened flag leaf functions because of high leaf temperature (Shao et al. 2005; Tan et al., 2006) .
The negative correlation between leaf temperature (TI) and TE was observed for all 3 stages. Feng et al. (2005) indicated that there was always a negative correlation between Tl and TE and such a correlation was stronger especially in late grain filling stage. Inefficient water use throughout late ripening stage because of increasing temperatures was indicated as a disadvantage for wheat (Shao et al. 2005) .
A negative correlation was reported between net photosynthesis rate (Pn) and Ci/Ca ratio (Del Pozo et al., 2005) and significant positive correlations were reported between Mc and Pn (Fischer et al., 1998; Del Blanco et al., 2000) . Correlation analyses revealed the dominant role of Mc in regulation of Pn. Such a finding is in agreement with the result of Siddique et al., (1999) .
CONCLUSIONS
The relationships between grain yield and physiological parameters of triticale were investigated in this study. Physiological parameters positively correlated with grain yield varied for three growth stages. Therefore, results of each stage should be assessed separately. It is recommended for further triticale breeding studies that the genotypes with high Pn, TE and Mc values at booting stage, high TE values at anthesis stage and high gs and Ci/Ca values at grain filling stage should be investigated. On the other hand, the traits of Tl and Tr with significant stable negative correlations with grain yield could also be used for selections. The results of this research showed that the selection of triticale genetic materials with highphotosynthesis (Pn), high-tranpiration efficiency (TE) low-transpiration (Tr) and low-leaf temperature (Tl) during all stages. According to this results, Line 1, Line 2, Line 3, Line 5, Line 7, Line 13 and Line 22 genotypes can be investigated for physiological traits for further breeding.
